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ABSTRACT Paphiopedilum ciliolare (Rchb. f.) Stein and P. adductum Asher (Orchidaceae) are Philip-
pine lady’s slipper orchids of high conservation concern. Paphiopedilum adductum is glob-
ally assessed as Critically Endangered, whereas P. ciliolare is globally assessed as 
Endangered; both species are nationally listed as Critically Endangered under DAO 2026-
20 and are covered by CITES (2026) Appendix I. Despite their protected status, trail-ac-
cessible populations remain vulnerable to trampling, visitor disturbance, habitat 
degradation, and unauthorized collection. Furthermore, the information on their abundance 
and habitat in Mt. Hamiguitan Range Wildlife Sanctuary remains limited. This study as-
sessed the distribution, visible abundance, and habitat suitability of P. ciliolare and P. ad-
ductum along trails in this Wildlife Sanctuary. Non-destructive field surveys were conducted 
across four forest-associated sampling sites representing dipterocarp, montane, pygmy-to-
mossy, and mossy forest conditions from 28 March to 1 April 2024 and from 19 to 21 March 
2026. Visible specimens or clumps were identified, counted, georeferenced, and photo-
graphically documented, while filtered occurrence records were used to generate prelimi-
nary MaxEnt habitat-suitability outputs. A total of 577 visible specimens  or clumps was 
recorded, comprising 475 specimens of P. ciliolare and 102 specimens of P. adductum. 
Montane forest supported the highest abundance of both species, with 266 specimens of P. 
ciliolare and 83 specimens of P. adductum. Paphiopedilum ciliolare occurred across all 
sampled sites, whereas P. adductum showed a more restricted trail-based distribution. 
Kruskal-Wallis tests showed no statistically significant elevation-based difference for P. 
ciliolare, while the result for P. adductum was not statistically significant, although the pat-
tern suggests a possible elevational tendency requiring additional sampling. Exploratory 
MaxEnt outputs suggested that predicted suitability for both species was associated with 
elevation and lower precipitation seasonality, with suitable areas appearing patchily dis-
tributed within the sanctuary. Because the models were based on limited, trail-derived oc-
currence records, they should be interpreted as exploratory tools rather than definitive 
distribution maps. These findings provide baseline information for long-term monitoring 
and habitat protection for these threatened Paphiopedilum orchids in Mt. Hamiguitan.

Amy G. Ponce1,2, Janine L. Cabilar2, Lorjie B. Bation1,2,*, Rogie Mart B. Ambasan1,2, Eleanor M. Vilela2 & 
Jonathan S. Cabrera1,3,4 

ISSN 2039-0394  (Print Edition) 
ISSN 2039-0408 (Online Edition)

https://www.biodiversityjournal.com - Edizioni Danaus  
Biodiversity Journal, 2026, 17 (2): 201–216 - ARTICLE 
https://doi.org/10.31396/Biodiv.Jour.2026.17.2.201.216



The sanctuary has an elevational range of 75–1,637 
m above sea level and provides critical habitat for 
threatened and endemic flora and fauna (Amoroso 
et al., 2009; Amoroso & Aspiras, 2011; Medina et 
al., 2020; Ramos et al., 2026). The UNESCO-in-
scribed property covers 16,923.07 ha and is sur-
rounded by a 9,729.47-ha buffer zone (UNESCO 
World Heritage Centre, 2026). 

Although Mt. Hamiguitan Range Wildlife Sanc-
tuary supports high orchid diversity, including 45 
species and 23 Philippine endemics, species-spe-
cific information on the abundance and habitat as-
sociations of P. adductum and P. ciliolare remains 
limited (Dizon et al., 2018; IUCN, 2014a, 2014b). 
Documenting trail-accessible populations is impor-
tant because visitation and off-trail movement may 
cause trampling, vegetation damage, soil com-
paction, informal trail formation, and habitat frag-
mentation, particularly among threatened or 
sensitive plants (Ballantyne & Pickering, 2015; 
Monteiro & Cabral, 2022; Piscová et al., 2021; 
Ponce et al., 2026). However, exact locality data for 
threatened and trade-sensitive orchids should be 
carefully managed to reduce illegal collection risk, 
especially since Paphiopedilum species are threat-
ened and sensitive-species, guidelines are recom-
mended for restricting or generalizing vulnerable 
occurrence data (Chapman, 2020; Govaerts et al., 
2019).  

Species distribution modelling, including Max-
Ent, can support conservation planning, but outputs 
should be interpreted cautiously when based on 
small, spatially biased, or trail-based datasets be-
cause model validity depends on sampling bias, pre-
dictor selection, spatial thinning, background 
selection, model complexity, and ecological inter-
pretation (Phillips et al., 2006; Phillips & Dudík, 
2008; Elith et al., 2011; Merow et al., 2013; Syfert 
et al., 2013). 

This study aimed to assess and map the trail-
based distribution of  P. ciliolare and P. adductum 
in MHRWS. Specifically, it sought to determine 
abundance across sampling sites and forest types, 
compare occurrence patterns across elevation cate-
gories, generate preliminary MaxEnt habitat-suit-

INTRODUCTION 
 

Orchids are among the most diverse groups of 
flowering plants, yet many species are sensitive to 
habitat alteration because of their specialized eco-
logical requirements (Hinsley et al., 2018; 
Djordjević et al., 2020; Besi et al., 2023; Cribb et 
al., 2003). Lady’s slipper orchids of the genus Pa-
phiopedilum are particularly conservation-sensitive 
because many species occur in restricted or isolated 
habitats, are strongly influenced by specific envi-
ronmental conditions, and are highly valued in hor-
ticultural trade (Hinsley et al., 2016, 2018; Ye et 
al., 2021; Dutta & De, 2022). These traits increase 
their vulnerability to overcollection, illegal or un-
sustainable trade, habitat degradation, and popula-
tion decline, particularly in species with small or 
fragmented wild populations (Swarts & Dixon, 
2009; Wraith & Pickering, 2018; Wang et al., 
2021). 

Paphiopedilum adductum Asher is globally as-
sessed as Critically Endangered, while P. ciliolare 
(Rchb.f.) Stein is globally assessed as Endangered 
under the IUCN Red List categories (IUCN, 
2014b, 2014a). Nationally, under DENR Adminis-
trative Order No. 2026-20, both species are listed 
under Category A: Critically Endangered in the up-
dated national list of threatened Philippine plants 
(DENR Administrative Order No. 2026-20, 2026). 
This category applies to taxa facing an extremely 
high risk of extinction in the wild in the immediate 
future, and the order lists P. adductum and P. cilio-
lare among the Philippine threatened plant taxa 
under this category. Both species are also covered 
under CITES Appendix I through the genus-level 
listing of Paphiopedilum spp., reflecting the need 
to strictly regulate international trade in these or-
chids (Govaerts et al., 2019; UNEP-WCMC, 
2022). 

Mount. Hamiguitan Range Wildlife Sanctuary 
(MHRWS) in Davao Oriental, southeastern Min-
danao, is a UNESCO World Heritage Site and an 
ASEAN Heritage Park located along the Pujada 
Peninsula in the Eastern Mindanao Biodiversity 
Corridor (UNESCO World Heritage Centre, 2026). 
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Paphiopedilum ciliolare and P.  adductum (Orchidaceae) in Mt. Hamiguitan Range Wildlife Sanctuary, Philippines

ability outputs and provide conservation-relevant 
recommendations for future monitoring.  

 
 

MATERIAL AND METHODS 
 
Study area 
 

The study was conducted along established 
trails within Mt. Hamiguitan Range Wildlife Sanc-
tuary, Davao Oriental, Philippines (Fig. 1). 
MHRWS covers 16,923.07 ha and is surrounded 
by a 9,729.47-ha buffer zone. The sanctuary strad-
dles San Isidro, Governor Generoso and the City 
of Mati with elevational gradients from 75 to 1,637 
m above sea level (UNESCO World Heritage Cen-
tre, 2026).  The sanctuary contains several vegeta-
tion formations, including dipterocarp, montane, 
mossy and mossy-pygmy forest ecosystems, which 
provide potential habitats for threatened and en-

demic plant species (Amoroso & Aspiras, 2011; 
Ramos et al., 2026).  

 
Research design and sampling period 
 

The study used a quantitative-descriptive, op-
portunistic, trail-based survey design. Field sam-
pling was conducted from 28 March to 1 April 2024 
and from 19 to 21 March 2026. Sampling followed 
established trails rather than fixed-width transects. 
No transect width was established. All visible spec-
imens or clumps of P. ciliolare and P. adductum en-
countered along accessible trail routes were counted 
and documented. Because survey effort was re-
stricted to accessible trail sections, the results 
should be interpreted as trail-based field counts. 

 
Ethics approval and field permit 
 

The study underwent institutional ethics 
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Figure 1. Boundary map of Mt. Hamiguitan Range Wildlife Sanctuary (Philippines) showing the core zone and buffer zone. 



screening by the Davao Oriental State University 
University Research Ethics Board (Philippines). 
After preliminary review, the proposal was granted 
a Certificate of Exemption from Review, indicat-
ing that the study did not require expedited or full 
ethics review, provided that no amendment or al-
teration would change the nature of the study or 
the level of risk involved. Field activities were 
conducted under Wildlife Gratuitous Permit No. 
XI-2026-041. No destructive collection, removal 
or harvesting of orchid specimens was conducted. 
It was possible to determine the level of risk 
through non-destructive field observations, GPS 
recording, field notes and photographic documen-
tation. Representative field photographs of the two 
target species are shown in Figs. 2, 3.  

 
Taxonomic verification and occurrence con-
firmation 
 

Taxonomic names and nomenclatural authorities 
were verified using Plants of the World Online and 
the Co’s Digital Flora of the Philippines. The ac-
cepted names used in this study are Paphiopedilum 
adductum Asher and P. ciliolare (Rchb.f.) Stein 
(Pelser et al., 2011 onwards; POWO, 2026). The 
Davao Oriental/Mt. Hamiguitan records used in this 
study were treated as verified occurrences because 

field identifications were pre-identified and vali-
dated by local experts familiar with the flora of Mt. 
Hamiguitan Range Wildlife Sanctuary. Identifica-
tions were based on flowering morphology, diag-
nostic vegetative characters, relevant taxonomic 
keys and descriptions, coupled with expert valida-
tion, and high-resolution photographic vouchers. 
No destructive collection was conducted; all 
records were documented through field observa-
tion, GPS recording using Garmin GPS 65s, field 
notes, and photographs. 
 
Species counting unit and duplicate-record 
control 
 

Abundance counts referred to visible individual 
plants or clumps encountered along the survey 
trail. Duplicate counts were minimized by check-
ing plant position, field notes, photographs, and 
GPS coordinates. Observations of the same plant 
or clump within the positional margin of error of 
the Garmin GPS device, approximately 1–2.8 m, 
were excluded. 

Because no destructive excavation, rhizome 
tracing, or genetic analysis was conducted, abun-
dance values should be interpreted as counts of vis-
ible trail-accessible plants or clumps rather than 
confirmed genet-level population estimates.  

Figures 2, 3. Representative field photographs of Paphiopedilum ciliolare (Fig. 2) and P. adductum (Fig. 3) 
documented along established trails in Mt. Hamiguitan Range Wildlife Sanctuary (Philippines).
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The generalized trail-based occurrence map is pre-
sented in Fig. 4.  
 
Abundance and statistical analysis 
 

Species abundance was summarized by site and 
forest type, following standard ecological practice 
in which abundance data are organized spatially or 
by habitat category to describe patterns of common-
ness, rarity, and dominance (Peet, 1974; Matthews 
& Whittaker, 2015; Antão et al., 2021). Proportional 
abundance was calculated to describe the relative 
representation of each species per site, consistent 
with the use of relative abundance data in species-
abundance and biodiversity analyses (Magurran, 
2003; Matthews & Whittaker, 2015). The Shannon–
Wiener index was used only as a descriptive two-
species evenness or relative-dominance measure 
between the two target Paphiopedilum species, not 
as a full community-level diversity index, because 
the analysis was restricted to the target taxa rather 

The abundance and the MaxEnt modelling 
dataset were treated as different analytical units. 
Abundance values represented counted visible 
specimens or clumps, whereas MaxEnt occurrence 
records represented filtered geographic presence 
points. This distinction was necessary to avoid 
treating multiple specimens occurring at the same 
or very near locations as independent modelling 
records. For the elevation-gradient analysis, the 
tested units were independent occurrence points.  

 
Sampling sites 
 

Four sampling sites were analyzed. Site 1 rep-
resented dipterocarp forest, Site 2 represented mon-
tane forest, Site 3 represented pygmy forest to 
mossy forest and Site 4 represented mossy forest. 
These sites corresponded to trail-accessible areas 
within Mt. Hamiguitan, including trail sections as-
sociated with Lantawan 1, Lantawan 2, Lantawan 
3 toward Tinagong Dagat and the Super Ferry trail. 

Figure 4. Generalized trail-based occurrence map of P. ciliolare and P. adductum across sampled sites and forest types. 
Exact locality information is generalized to reduce sensitivity risks for threatened and trade-regulated orchids.

Paphiopedilum ciliolare and P.  adductum (Orchidaceae) in Mt. Hamiguitan Range Wildlife Sanctuary, Philippines 205



than the entire plant community (Shannon, 1948; 
Peet, 1974; Spellerberg & Fedor, 2003; Roswell et 
al., 2021). Kruskal-Wallis tests were used to exam-
ine whether independent occurrence points differed 
across elevation categories, as this rank-based non-
parametric test is appropriate for comparing inde-
pendent groups when parametric assumptions are 
not the main basis of inference (Kruskal & Wallis, 
1952). Statistical analysis was conducted using 
IBM SPSS Statistics 27. 

  
GIS mapping and preliminary MaxEnt mod-
elling 
 

Preliminary habitat-suitability modelling was 
conducted using MaxEnt version 3.4.4. MaxEnt was 
selected because the study generated presence-only 
occurrence records and did not collect systematic ab-
sence data. MaxEnt estimates relative environmental 
suitability from presence-only data, but its interpre-
tation depends on predictor selection, background 
sampling, sampling bias and occurrence record qual-
ity (Phillips et al., 2006; Elith et al., 2011). 

Environmental predictors initially included ele-
vation and bioclimatic variables. Elevation data 
were obtained from the Shuttle Radar Topography 
Mission digital elevation model, while bioclimatic 
variables were obtained from the WorldClim (His-
torical Climate Data - WorldClim 1 Documentation) 
database following Fick & Hijmans (2017). World-
Clim provides gridded climate surfaces for spatial 
modelling, including bioclimatic variables com-
monly used in species distribution modelling (Fick 
& Hijmans, 2017). The bioclimatic variables used 
before the final interpretive predictor determined 
using Correlation analysis are BIO1 (Annual Mean 
Temperature), BIO2 (Mean Diurnal Range), BIO3 
(Isothermality), BIO4 (Temperature Seasonality), 
BIO5 (Maximum Temperature of the Warmest 
Month), BIO6 (Minimum Temperature of the Cold-
est Month), BIO7 (Temperature Annual Range), 
BIO8 (Mean Temperature of the Wettest Quarter), 
BIO9 (Mean Temperature of the Driest Quarter), 
BIO10 (Mean Temperature of the Warmest Quarter), 
BIO11 (Mean Temperature of the Coldest Quarter), 
BIO12 (Annual Precipitation), BIO13 (Precipitation 
of the Wettest Month), BIO14 (Precipitation of the 
Driest Month), BIO15 (Precipitation Seasonality), 
BIO16 (Precipitation of the Wettest Quarter), BIO17 
(Precipitation of the Driest Quarter), BIO18 (Precip-

itation of the Warmest Quarter), and BIO19 (Precip-
itation of the Coldest Quarter). 

All raster layers were resampled using bilinear 
interpolation to ensure consistent grid alignment, 
cell size and spatial overlay among predictor lay-
ers. The final working raster resolution was set to 
30 m×30 m, and all environmental layers were pro-
jected to UTM Zone 51N. Resampling was per-
formed only to standardize spatial alignment and 
analytical compatibility; it did not increase the 
original spatial precision, accuracy or information 
content of the source rasters. Therefore, environ-
mental predictors were interpreted according to the 
limitations of their original source resolution.  

Environmental layers were clipped to the 
provincial boundary of Davao Oriental rather than 
only to the Mt. Hamiguitan property boundary. This 
broader calibration area was used to explore 
whether suitable environmental conditions may 
occur outside the protected-area boundary (Four-
cade et al., 2014). To reduce redundancy and over-
fitting, Pearson’s correlation analysis was used to 
examine relationships among candidate environ-
mental variables. A correlation coefficient greater 
than 0.70 was treated as indicating strong correla-
tion (Radosavljevic & Anderson, 2014). When pre-
dictors were strongly correlated, only one 
representative variable was retained for interpreta-
tion (Liu et al., 2005; Schober et al., 2018). The 
final interpretive predictor set emphasized eleva-
tion, bio3, bio12 and bio15. Bio3 represents isother-
mality, bio12 represents annual precipitation and 
bio15 represents precipitation seasonality.  

Duplicate coordinates were removed before 
modelling. Grid-based thinning or raster-cell filter-
ing was applied to reduce spatial clustering of oc-
currence records. Random background points were 
generated within the Davao Oriental calibration 
area. Training and test records were selected ran-
domly by MaxEnt. The available rerun output for 
P. ciliolare used seven training presence records, 14 
test presence records and 2,363 background/pres-
ence-background points; the rerun output for P. ad-
ductum used five training presence records, four test 
presence records and 2,363 background/presence-
background points.  

Preliminary habitat-suitability outputs are pre-
sented in Figs. 5 and 6, the overlaid suitability map 
is presented in Fig. 7, and selected response curves 
are presented in Figs. 8 and 9. Given the small num-

AMY G. PONCE ET ALII206



ber of filtered occurrence records and their restric-
tion to established trails, the models were interpreted 
with explicit caution. The outputs may partly reflect 
accessibility and sampling structure rather than the 
full realized distribution of the species across the 
sanctuary. Because occurrence records remained 
limited and field sampling was restricted to estab-
lished trails, all MaxEnt outputs were interpreted as 
exploratory habitat-suitability models. They were 
not treated as definitive species distribution maps or 
as evidence of confirmed occurrence in unsurveyed 
areas without field validation.  

 
RESULTS 
 
Abundance of Paphiopedilum ciliolare and 
P. adductum 
 

A total of 577 visible specimens or clumps of 
the two target species was recorded along estab-
lished trails in Mt. Hamiguitan Range Wildlife 

Sanctuary. Paphiopedilum ciliolare accounted for 
475 specimens or clumps, while P. adductum ac-
counted for 102 specimens or clumps. These counts 
represent visible trail-accessible records and should 
not be interpreted as genet-level or sanctuary-wide 
population estimates.  

As shown in Table 1, Site 2, classified as mon-
tane forest, recorded the highest abundance for both 
species, with 266 specimens of P. ciliolare and 83 
specimens of P. adductum. Site 4, classified as 
mossy forest, recorded 146 P. ciliolare and 15 P. ad-
ductum. Site 1 recorded 60 P. ciliolare and no P. ad-
ductum, while Site 3 recorded three P. ciliolare and 
four P. adductum.  

 
Two-species evenness and relative dominance 
 

The two-species evenness or relative domi-
nance index ranged from 0.00 to 0.68 across sites 
(Table 2). Site 1 had an H’ value of 0.00 because 
only P. ciliolare was recorded. Site 2 had moderate 

SITE FOREST TYPE P. ciliolare P. adductum TOTAL

Site 1 Dipterocarp forest 60 0 60

Site 2 Montane forest 266 83 349

Site 3 Pygmy forest to 
mossy forest

3 4 7

Site 4 Mossy forest 146 15 161

TOTAL 475 102 577

SITE P. ciliolare P. adductum TOTAL Prop.  
P. ciliolare

Prop.  
P. adductum

H′

Site 1 60 0 60 1.00 0.00 0.00

Site 2 266 83 349 0.76 0.24 0.55

Site 3 3 4 7 0.43 0.57 0.68

Site 4 146 15 161 0.91 0.09 0.30

OVERALL 475 102 577

Table 1. Trail-based visible abundance of Paphiopedilum ciliolare and P. adductum by  
sampling site and forest type in Mt. Hamiguitan Range Wildlife Sanctuary.

Table 2. Relative abundance and two-species evenness index of Paphiopedilum ciliolare  
and P. adductum across sampling sites.
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evenness, with P. ciliolare representing 76% and 
P. adductum 24% of recorded specimens. Site 3 
had the highest H’ value of 0.68 because both 
species were more evenly represented, although 
only seven specimens were recorded. Site 4 had 
low evenness because P. ciliolare comprised 91% 
of the total recorded specimens. These values 
should be interpreted as a two-species evenness or 
relative dominance measure rather than as a full 
community-level orchid diversity index.  

 
Elevation-gradient comparison 
 

The Kruskal-Wallis test showed that the occur-
rence of P. ciliolare did not differ significantly 
across the elevation categories, H = 2.609, p = .456 
(Table 3). This indicates that there was no strong 
statistical evidence that P. ciliolare was concen-
trated in a particular elevation category within the 
sampled trail system. The mean ranks ranged from 
24.50 to 39.75, suggesting that the species was 
recorded across several elevation bands rather than 
being restricted to one elevational zone. Therefore, 

within the limits of the sampled trails, P. ciliolare 
appeared to have a relatively broader elevational 
occurrence. 

For P. adductum, the Kruskal-Wallis test pro-
duced H = 5.894, p = .053 (Table 4). Although this 
result was close to the conventional significance 
threshold of α = .05, it was still not statistically sig-
nificant. This means that the available data did not 
provide sufficient  evidence to confirm a signifi-
cant difference in P. adductum occurrence across 
varrying elevations. However, the near-threshold 
p-value suggests a possible elevational tendency 
that may become clearer with additional occur-
rence records. Because the analysis was based on 
independent occurrence points and the number of 
P. adductum records was limited, this pattern 
should be interpreted cautiously and not treated as 
conclusive evidence of elevational preference. 
 
Preliminary habitat suitability of Paphiopedilum 
ciliolare and P. adductum 
 

The MaxEnt model diagnostics for P. ciliolare 
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ELEVATION  
CATEGORY

N MEAN RANK KRUSKAL– 
WALLIS H

p-value

459–699 m 20 34.70 2.609 .456

751–900 m 26 35.71

901–1030 m 18 39.75

1031–1261 m 6 24.50

TOTAL 70

ELEVATION  
CATEGORY

N MEAN RANK KRUSKAL– 
WALLIS H

p-value

700–899 m 10 11.30 5.894 .053

900–1029 m 4 4.00

1030–1269 m 4 10.50

TOTAL 18

Table 3. Kruskal-Wallis comparison of Paphiopedilum ciliolare records across elevation categories. 

Table 4. Kruskal-Wallis comparison of Paphiopedilum adductum records across elevation categories. 



and P. adductum were summarized in Table 5. For 
P. ciliolare, the model used seven training pres-
ence records, 14 test presence records, and 2,363  
presence-background points. The model produced 
a training AUC of 0.971 and a test AUC of 0.987 
± 0.003.  

The regularized training gain was 1.437, while 
the unregularized training gain was 2.241. For P. 
adductum, the model used five training presence 
records, four test presence records, and 2,363 
background or presence-background points. The 
model produced a training AUC of 0.952 and a test 
AUC of 0.890 ± 0.010. The regularized training 
gain was 0.999, while the unregularized training 
gain was 1.800. These values are reported only as 
diagnostic outputs of exploratory habitat-suitabil-
ity models. They should not be interpreted as con-
firmation of definitive predictive accuracy, as they 
were based on small, trail-derived occurrence 
datasets. 

 
Spatial overlay of preliminary habitat suit-
ability within Mt. Hamiguitan Range Wildlife 
Sanctuary 

 
The preliminary cloglog habitat-suitability out-

puts for P. ciliolare and P. adductum are shown in 
Figs. 5 and 6, respectively. These maps present the 
modelled suitability values for each species, where 
higher cloglog values indicate areas predicted to 
have relatively higher habitat suitability based on 
the environmental predictors used in the ex-
ploratory MaxEnt models. 

The exploratory habitat-suitability maps over-
laid with the boundary of Mt. Hamiguitan Range 
Wildlife Sanctuary are presented in Fig. 7. When 
viewed in relation to the sanctuary boundary, both 
P. adductum and P. ciliolare showed localized 
areas of higher predicted suitability within the 
mountain landscape. For both species, higher pre-
dicted suitability was concentrated mainly in the 
central to northern portion of the mapped area, 
while narrower belts of moderate to high suitabil-
ity extended southward along the mountain axis. 
The overlay further indicated that predicted suit-
able habitat was patchily distributed rather than 
continuous across the sanctuary. This suggests 
that suitable environmental conditions for the two 
species may be restricted to specific elevational 
or topographic zones rather than uniformly dis-
tributed across Mt. Hamiguitan. Notably, some 
areas with moderate to high cloglog suitability 
values, including areas below the very high suit-
ability threshold of 0.80, were also predicted out-
side the MHRWS boundary. These areas may 
represent potential habitat extensions adjacent to 
the protected area, but they should not be inter-
preted as confirmed occurrence sites without field 
validation.  

 
Conservation status and regulatory listing 
 

Paphiopedilum adductum is globally catego-
rized as Critically Endangered (IUCN, 2014a), 
while P. ciliolare is globally categorized as Endan-
gered (IUCN, 2014b). Under DAO 2026-20, both 

Table 5. Summary of exploratory MaxEnt model performance for Paphiopedilum ciliolare and P. adductum.
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Parameter Paphiopedilum ciliolare Paphiopedilum adductum

Training presence records 7 5

Test presence records 14 4

Background/presence-background 
points

2,363 2,363

Training AUC 0.971 0.952

Test AUC 0.987 ± 0.003 0.890 ± 0.010

Regularized training gain 1.437 0.999

Unregularized training gain 2.241 1.800



species are nationally listed as Critically Endan-
gered (DENR Administrative Order No. 2026-20, 
2026). Both species are covered by CITES Appen-
dix I through the listing of Paphiopedilum species 
(Govaerts et al., 2019).  

 
 

DISCUSSION 
 

This study provides trail-based baseline infor-

mation on the abundance, two-species relative dom-
inance and exploratory habitat suitability of P. cili-
olare and P. adductum in Mt. Hamiguitan Range 
Wildlife Sanctuary. The survey recorded 577 visible 
specimens or clumps, with P. ciliolare more abun-
dant than P. adductum. As shown in Table 1, Site 2, 
classified as montane forest, supported the highest 
abundance of both species, suggesting that montane 
conditions along the sampled trail system may pro-
vide favorable local habitat.  

Figures 5, 6. Exploratory MaxEnt habitat-suitability output for Paphiopedilum ciliolare (Fig. 5) and P. adductum (Fig. 6). 
Higher raster values indicate higher predicted suitability. The map should not be interpreted as a definitive distribution map 
or as confirmation of occurrence in unsurveyed areas. 
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Species IUCN status DAO 2026-20 status CITES listing

Paphiopedilum adductum Asher, 1983 Critically Endangered Critically Endangered Appendix I

Paphiopedilum ciliolare (Rchb.f.) Stein, 1892 Endangered Critically Endangered Appendix I

Table 7. Conservation status and regulatory listing of the two target Paphiopedilum species. 



The dominance of P. ciliolare across all four 
sites suggests broader local occurrence within the 
sampled trails. In contrast, P. adductum was absent 
from Site 1 and occurred in lower numbers in Sites 
3 and 4. This may indicate more restricted habitat 
requirements, lower detectability or the influence 
of the opportunistic trail-based survey design. Be-
cause no fixed transect width was used, the results 
should be interpreted as trail-based counts of visible 
specimens or clumps rather than complete popula-
tion estimates for the sanctuary. The concentration 
of both species in montane and mossy forest con-
texts is consistent with the ecological zonation de-
scribed for Mt. Hamiguitan. The UNESCO World 
Heritage Centre (2026) describes Mt. Hamiguitan 
as a vertically zoned mountain ecosystem with 
dipterocarp, montane, mossy and mossy-pygmy 
forest formations. Similarly, Amoroso & Aspiras 
(2011) emphasized the high botanical conservation 
value of Mt. Hamiguitan and the vulnerability of its 

flora to degradation and overcollection. This sup-
ports the understanding that the recorded orchids 
are associated with the sanctuary’s elevation-linked 
forest systems, although microhabitat-level meas-
urements would be needed to confirm the specific 
roles of substrate, canopy cover, moisture and as-
sociated vegetation (Kindlmann et al., 2023).  

The abundance pattern in this study contrasts 
with the generally small and fragmented populations 
reported for other lady’s slipper orchids. Romadlon 
et al. (2021), for example, documented 103 speci-
mens across 18 subpopulations of an endangered 
Paphiopedilum species in Mt. Lawu, Java, Indone-
sia, with occurrences at 1,231-1,825 m above sea 
level. By comparison, the present study recorded a 
higher number of visible specimens or clumps, par-
ticularly for P. ciliolare. However, this difference 
should not be interpreted as evidence of secure pop-
ulation status because counts in the present study 
were trail-based, did not estimate genet-level popu-

Figure 7. Exploratory habitat-suitability maps of Paphiopedilum adductum and P. ciliolare in relation to the boundary of 
Mt. Hamiguitan Range Wildlife Sanctuary (Philippines). Warmer colors indicate higher predicted suitability, whereas cooler 
colors indicate lower predicted suitability. 
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lation size and were conducted within a protected 
area where clustered populations may occur. Never-
theless, the comparison suggests that Paphiopedilum 
populations can be spatially patchy and strongly as-
sociated with elevation-linked habitat conditions.  

The two-species evenness results in Table 2 
show that abundance and relative dominance pro-
vide different ecological information. Site 2 had the 
highest abundance but only moderate evenness be-
cause P. ciliolare dominated the site. Site 3 had the 
highest evenness value because the two species 
were more evenly represented, but only seven spec-
imens were recorded. This illustrates the impor-
tance of interpreting evenness indices together with 
abundance, because high evenness in a very small 
sample does not necessarily indicate higher conser-
vation value or population stability.  

The elevation-gradient analysis in Tables 3 and 
4 found no statistically significant elevation-based 
difference for P. ciliolare, suggesting that the species 
occurred across several elevation categories within 
the surveyed trails. For P. adductum, the result was 
not statistically significant, although the pattern sug-
gests a possible elevational tendency requiring ad-
ditional sampling. This possible pattern may reflect 
narrower environmental tolerance, stronger associ-
ation with elevational conditions or limitations of 
the trail-based sampling design. Additional spatially 
balanced surveys across unsampled and less acces-
sible areas would be needed to determine whether 
this tendency persists across the broader sanctuary.  

The exploratory MaxEnt outputs in Figs. 4 and 
5, together with the overlaid suitability map in Fig. 
6, indicated that predicted suitability for both 
species increased with elevation and declined with 
increasing precipitation seasonality. This pattern is 
consistent with the field observation that the highest 
abundance occurred in montane forest and that both 
species were recorded in higher-elevation trail sys-
tems. However, the models should be interpreted 
cautiously. MaxEnt is designed for presence-only 
data, but its outputs are sensitive to occurrence 
number, background selection, predictor collinear-
ity, model complexity and sampling bias (Phillips 
et al., 2006; Wisz et al., 2008; Elith et al., 2011; 
Merow et al., 2013; Boria et al., 2014; Fourcade et 
al., 2014; Radosavljevic & Anderson, 2014). Be-
cause the occurrence records were trail-derived, the 
model may partly reflect surveyed accessibility as 
well as environmental suitability.  

The importance of climatic variables in the pre-
liminary models is consistent with broader orchid 
habitat-suitability studies. Romadlon et al. (2021) 
linked suitable habitat of a threatened lady’s slipper 
orchid to elevation-associated environmental con-
ditions in Indonesia. Ye et al. (2021) also showed 
that slipper orchids in southwest China were asso-
ciated with environmental gradients, although the 
taxa they assessed were mainly linked to karst lime-
stone habitats. The present study differs because the 
target species were assessed in the montane and 
mossy forest systems of Mt. Hamiguitan rather than 
in a karst-limestone landscape. This distinction is 
important because environmental suitability for Pa-
phiopedilum may be shaped by different combina-
tions of elevation, climate, substrate and forest 
structure across regions.  

Although the MaxEnt models produced high 
AUC values (Table 5), these values should not be 
overinterpreted. Small sample sizes and spatially 
clustered occurrence points can inflate apparent 
model performance, particularly when sampling is 
restricted to accessible trails. The AUC values are 
therefore best understood as diagnostic outputs of 
exploratory models, not as confirmation of predic-
tive accuracy. In addition, resampling raster layers 
to 30 m standardized grid alignment and overlay but 
did not increase the original spatial precision or in-
formation content of the source climate layers. 

Future modelling should use additional validated 
occurrence points, spatially balanced sampling, re-
duced predictor sets, independent validation data and 
microhabitat variables collected in the field. From a 
conservation perspective, the findings reinforce the 
importance of continued monitoring of trail-accessi-
ble Paphiopedilum populations. Both species are na-
tionally listed as Critically Endangered under DAO 
2026-20 and are subject to strict international trade 
regulation under CITES (2026) Appendix I. Occur-
rence-coordinate data are sensitive and are available 
from the corresponding author only upon reasonable 
request and subject to conservation-related data-shar-
ing restrictions. Management actions should priori-
tize repeated non-destructive monitoring of known 
trail-accessible populations, visitor-control measures 
near sensitive orchid microhabitats, trail-use regula-
tion, prevention of informal trail widening, enforce-
ment against collection, generalized handling of 
locality data and validation surveys in broad areas of 
predicted suitability.  
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Figure 8. Selected response curves for Paphiopedilum ciliolare showing predicted suitability responses to bio3 (Isother-
mality), bio12 (Annual Precipitation), bio15 (Precipitation Seasonality) and elevation. 

Figure 9. Selected response curves for Paphiopedilum adductum, showing predicted  suitability responses to bio3 
(Isothermality), bio12 (Annual Precipitation), bio15 (Precipitation Seasonality) and elevation. 
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CONCLUSIONS 
 

This study documented 577 visible specimens 
or clumps of two threatened lady’s slipper orchids 
along established trails in Mt. Hamiguitan Range 
Wildlife Sanctuary, consisting of 475 P. ciliolare 
and 102 P. adductum. These records should be in-
terpreted as trail-accessible field counts rather than 
genet-level or sanctuary-wide population estimates. 
Paphiopedilum ciliolare was more abundant and 
occurred across all sampled sites, while P. adduc-
tum showed a more restricted trail-based distribu-
tion. Montane forest at Site 2 supported the highest 
abundance of both species. Elevation did not sig-
nificantly explain occurrence patterns for P. cilio-
lare; for P. adductum, the result was not statistically 
significant, although the pattern suggests a possible 
elevational tendency requiring additional sampling, 
further study should explore an extensive inventory 
of the species.  

Exploratory MaxEnt modelling suggested that 
habitat suitability for both species may be associ-
ated with elevation, isothermality, annual precipi-
tation and precipitation seasonality. However, the 
models were based on limited, trail-derived occur-
rence points and should be used only as exploratory 
tools to guide future validation surveys. The find-
ings provide baseline information for long-term 
monitoring, trail management, habitat protection, 
visitor control, enforcement against unauthorized 
collection and conservation-sensitive data handling 
for threatened Paphiopedilum orchids in Mt. Hami-
guitan.  
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